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Abstract 

Alkyl  and  aryl  sulfides  are  oxidized  to  the  corresponding  sulfoxides  or  sulfones  in  excellent  yields  with  aqueous  hydrogen  peroxide  in 
the  presence  of  silica  sulfuric  acid  as  an  efficient  solid  acid  catalyst.  The  oxidation  of  alkyl  and  aryl  sulfide  proceeds  at  25-90°C  and  the 
corresponding  sulfoxides  or  sulfones  was  selectively  obtained  by  controlling  the  amounts  of  H202  and  catalyst. 

©  2006  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

Organosulfur  compounds,  such  as  sulfoxides  and  sulf¬ 
ones,  are  useful  synthetic  reagents  in  organic  chemistry.  In 
particular,  sulfoxides  are  valuable  synthetic  intermediates 
for  the  production  of  a  range  of  chemically  and  biologically 
active  molecules  including  therapeutic  agents  such  as  anti¬ 
ulcer  (proton  pump  inhibitors),  antibacterial,  antifungal, 
anti-atherosclerotic,  antihypertensive  and  cardiotonic  agents 
as  well  as  psychotropics  and  vasodilators  [1-11].  The  oxida¬ 
tion  of  sulfides  and  utilization  of  sulfoxides  has  been 
reviewed  recently  [12].  Many  reagents  are  available  for  the 
oxidation  of  sulfides,  but  most  of  them  are  conventional 
oxidants,  which  are  not  suitable  for  medium  to  large  scale 
synthesis. 

Aqueous  H202  is  an  ideal  oxidant  in  view  of  an  effec¬ 
tive-oxygen  content  (47%),  cleanness  that  produces  only 
harmless  water  by  reaction  [13],  safety  in  storage  and  oper¬ 
ation  and  the  low  cost  of  production  transportation  [14,15]. 
Due  to  the  low  standard  redox  potential  of  H202  in  neutral 
or  weak  acidic  media,  It  has  been  usually  used  in  the  pres¬ 
ence  of  strong  inorganic  acid  such  as  H2SQ4  [16],  HC1 
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[17,18],  HC104  [19],  CH3C02H  [20]  and  H2Mo2Ov  [21], 
However,  in  spite  of  their  potential  utility,  these  homoge¬ 
nous  catalyst  present  limitations  due  to  the  use  of  toxic 
and  corrosive  reagents,  the  tedious  work-up  procedure, 
the  necessity  of  neutralization  of  the  strong  acidic  media, 
producing  undesired  washes  and  long  reaction  times.  Fur¬ 
thermore,  in  these  types  of  reactions  which  the  catalyst  dis¬ 
solved  in  organic  phase  inherently  require  separation  of  the 
catalyst  from  the  product  and  invariably  a  chromato¬ 
graphic  procedure  for  recovery  of  the  catalyst  [22]. 

Recently,  a  number  of  transition  metal  (Ti,  Mo,  Fe,  V, 
W,  Re,  Ru,  Sc,  Zr  and  Mn)  compounds  have  been  used 
as  catalyst  for  the  selective  oxidation  of  sulfides  with 
H202  [23-32].  However,  one  of  the  problems  frequently 
encountered  in  metal-catalyzed  oxidation  with  H202  is 
the  concomitant  decomposition  of  H202,  which  makes 
the  use  of  a  large  excess  of  H202  necessary  to  reach  full 
conversion.  For  example,  the  oxidation  of  various  sulfides 
to  sulfones  by  H202  mediated  in  the  presence  of  TiCl3  or 
Z1CI4  was  employed  7-10  fold  excess  H202  and  2  equiva¬ 
lents  of  TiCl3  or  ZrCl4  per  mole  of  sulfides  [31,32],  In  addi¬ 
tion,  there  are  several  disadvantages  for  those  methods 
such  as:  using  toxic  transition  metal  compounds,  prepara¬ 
tion  of  complex  catalyst,  removing  or  recovery  of  the 
expensive  catalyst  and  remaining  metals  in  products. 
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Scheme  1 . 


During  the  course  of  our  studies  on  the  development  of 
new  routes  for  the  oxidation  of  organic  compounds 
[33a,b,c,d],  we  now  report  the  selective  oxidation  of  sulfides 
to  sulfoxides  or  sulfones  with  H202  in  the  presence  of  silica 
sulfuric  acid  (SSA)  [34]  as  a  solid  acid  promoter  by  control¬ 
ling  the  amounts  of  H202  and  SSA  (Scheme  1). 

2.  Experimental 

2.1.  General 

Melting  points  were  measured  on  an  Electrothermal 
9100  apparatus  and  are  uncorrected.  1R  spectra  were 
recorded  on  a  shimadzu  IR-470  spectrometer.  'H  NMR 
spectra  were  recorded  on  a  BRUKER  DRX-300  AVANCE 
spectrometer  at  300.13  MHz  in  CDC13.  GC  chromatogram 
was  recorded  by  Varian  3600  CP  apparatus. 

2.2.  Typical  experimental  procedure  for  the  preparation  of 
sulfoxides 

In  a  25  ml  round  bottom  flask,  to  a  solution  of  sulfide 
(1  mmol)  in  CH3CN  (5  ml),  30%  (w/w)  H202  (1  equivalent) 
and  the  SSA  catalyst  (0.1  g)  was  added  successively  and  the 
mixture  was  stirred  magnetically  at  room  temperature  for 
the  indicated  time  in  Table  1.  The  progress  of  the  reaction 


Table  1 

The  yield  and  selectivity  as  a  function  of  time  in  the  oxidation  of  dibenzyl 
phenyl  sulfide  to  the  corresponding  sulfoxide  or  sulfone  with  aqueous 
hydrogen  peroxide  in  the  presence  of  SSA 


Time  (min) 

Conversion  of  sulfide2  to: 
(%) 

Conversion  of  sulfideb  to: 

(%) 

Sulfoxide 

Sulfone 

Sulfoxide 

Sulfone 

10 

70 

Trace 

Trace 

50 

20 

90 

7 

Trace 

60 

40 

5 

70 

60 

5 

80 

80 

Trace 

90 

90 

0 

94 

a  Dibenzyl  phenyl  sulfide  (  1  mmol),  hydrogen  peroxide  (1  eq)  and  SSA 
(0.1  g). 

b  Dibenzyl  phenyl  sulfide  (  1  mmol),  hydrogen  peroxide  (3  eq)  and  SSA 
(0.2  g). 


Table  2 

Oxidation  of  sulfides  (1  mmol)  to  sulfoxides  by  H2O2  (1  eq)  in  the  presence 
of  SSA  (0.1  g)  at  room  temperature  in  CH3CN 


Entry  Substrate  Product  Yield 

(%)/ 

time 

(min) 


a  Ref.  [37] 
b  Ref.  [38] 
0  Ref.  [39] 
d  Ref.  [40] 
e  Ref.  [41] 


Mp  or  Bp 
(°C) 
found 
(reported) 

31-33 

(30 

30.5)a 

69-72 

(72-73)a 


142-144 

(138— 

140)b 


132-135 

(136- 

137)b 


72-75 

(74-76)° 


143-145 

(140- 

142)b 


142-145 

(146)° 


42^14 

(43^45)° 


132-134 

(133- 

135)° 

149-152 

(153— 

155)b 


103-105 

(103— 

106)d 

24-26 

(24.5- 

25.5)° 

29-32 

(29-32)a 
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Table  3 

Oxidation  of  sulfides  (1  mmol)  to  sulfones  with  H2O2  (3  eq)  in  the  presence 
of  SSA  (0.2  g)  at  room  temperature  in  CH3CN 


Entry  Substrate  Product 


Yield  Mp  or  Bp 
(%)/  (°C) 

time  found 
(min)  (reported) 


5 


O  88/  42-44 

Br  \=/  ^"CH3  100  <42M4)d 


was  monitored  by  TLC  or  GC.  After  completion  of  the 
reaction,  the  reaction  mixture  was  filtered  and  the  excess 
of  solvent  was  removed  under  reduced  pressure  to  give 
the  corresponding  pure  sulfoxide  (Table  2).  All  reaction 
products  were  known  and  characterized  by  IR  and  1 H 
NMR  spectra  and  melting  point  as  comparing  with  those 
obtained  from  authentic  samples. 

2.3.  Typical  experimental  procedure  for  the  preparation  of 
sulfones 

In  a  25  ml  round  bottom  flask,  to  a  solution  of  sulfide 
(1  mmol)  in  CH3CN  (5  ml),  30%  (w/w)  H202  (3  equiva¬ 
lents)  and  the  SSA  catalyst  (0.2  g)  was  added  successively 
and  the  mixture  was  stirred  magnetically  at  room  tempera¬ 
ture  for  the  indicated  time  in  Table  2.  The  progress  of  the 
reaction  was  monitored  by  TLC  or  GC.  After  completion 
of  the  reaction,  the  reaction  mixture  was  filtered  and  the 
excess  of  solvent  was  removed  under  reduced  pressure  to 
give  the  corresponding  pure  sulfones  (Table  3).  All  of  the 
products  are  known  and  characterized  by  IR  and  1 H 
NMR  spectra  and  melting  point  as  comparing  with  those 
obtained  from  authentic  samples. 


10 


43/  29-30 

50  (29  30)e 


a  Ref.  [37], 

b  The  reaction  was  carried  out  at  90  °C. 
c  Ref.  [42], 
d  Ref.  [38], 
e  Ref.  [33b], 
f  Ref.  [43], 


3.  Results  and  discussion 

The  SSA  catalyst  is  simply  prepared  by  the  reaction  of 
chlorosulfonic  acid  with  commercially  available  silica  and 
the  by-product,  HC1  gas  is  easily  removed  from  the  reac¬ 
tion  vessel  [34]  (Scheme  2). 

Silica  sulfuric  acid  catalyst  provides  a  valuable  tool  for 
the  synthesis  of  both  aliphatic  and  aromatic  sulfoxides 
and  sulfones.  The  optimum  ratio  of  sulfide  to  H202  (1:1 
equivalent)  in  the  presence  of  SSA  (0.1  g)  is  found  to  be 
ideal  for  complete  conversion  of  sulfides  to  sulfoxide  (with 
a  few  amount  of  sulfone),  which  the  reaction  remains 
incomplete  with  lesser  amounts.  The  use  of  excess  reagent 
(the  molar  ratio  sulfide  to  H202  1 :3  equivalents  in  the  pres¬ 
ence  of  SSA  (0.2  g))  affords  the  corresponding  sulfone  in  a 
clean  reaction.  The  yield  and  selectivity  of  oxidation  diben¬ 
zyl  phenyl  sulfide  to  the  corresponding  sulfoxide  or  sulfone 
as  a  function  of  time  is  indicated  in  Table  1. 

The  generality  of  this  approach  has  been  demonstrated 
by  a  facile  and  effortless  oxidant  of  a  wide  variety  of 
alkyl,  aryl  and  aromatic  sulfides  as  shown  in  Tables  2 
and  3. 

Observation  of  oxidation  benzyl  phenyl  sulfide  and  dib¬ 
enzyl  sulfide  to  the  corresponding  sulfoxide  (Entries  8  and 
9  in  Table  2)  or  sulfone  (Entries  7  and  8  in  Table  3)  indi¬ 
cates  that  the  reaction  proceeds  by  way  of  an  oxygen  trans¬ 
fer  mechanism.  If  the  reaction  involved  electron  transfer 
instead  of  oxygen  transfer,  substantial  amounts  of  benzal- 


SiP2  — OH  +  CISO3H  (neat) - 


r.t. 


Si02|—  OSO3H  +  HClt 


Scheme  2. 
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Scheme  3.  Proposed  mechanism  for  the  oxidation  of  sulfide  to  the 
corresponding  sulfoxide  or  sulfone  with  aqueous  hydrogen  peroxide  in  the 
presence  of  SSA. 


dehyde  would  have  been  formed  [35,36].  Thus,  we  exam¬ 
ined  the  possibility  of  the  oxidation  of  sulfoxide  to  sulfones 
with  H202/SSA  in  CH3CN  at  room  temperature.  As  indi¬ 
cated  in  Table  3,  both  benzyl  phenyl  sulfoxide  and  dibenzyl 
sulfoxide  are  easily  oxidized  to  the  corresponding  sulfone 
after  about  80-85  min  (Entries  12  and  13).  This  result  con¬ 
firms  that  the  oxidation  of  sulfide  to  sulfone  proceeds  via 
the  sulfoxide  intermediate.  The  possible  mechanism  for 
the  oxidation  of  sulfide  to  the  corresponding  sulfoxide  or 
sulfone  using  H202  in  the  presence  of  SSA  is  outlined  in 
Scheme  3. 

4.  Conclusion 

In  summary,  we  have  shown  that  the  silica  based  solid 
acid  catalyst,  which  can  be  easily  prepared  from  commer¬ 
cially  available  starting  material,  efficiently  catalyze  the 
selectively  synthesis  of  sulfoxide  or  sulfone  by  the  oxida¬ 
tion  of  sulfide  by  aqueous  hydrogen  peroxide  at  room  tem¬ 
perature.  Due  to  the  environmental  friendly  behavior  of 
SSA  with  respect  to  corrosiveness,  safety,  waste  and  ease 
of  separation  of  SSA,  replacement  of  liquid  acids  and 
expensive  toxic  transition  metal  compounds  with  SSA  are 
desirable  in  the  oxidation  of  sulfides  to  the  corresponding 
sulfoxide  or  sulfone  in  chemical  industry. 
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